The subject of bacterial spore appendages promises to be an active field of investigation for some time to come. Following the pioneering survey reports of Krasil'nikov, Duda, , in which a variety of spore appendage types were described, several additional studies have appeared in the literature. Multiple tubular appendages have been described for spores of Clostridium botulinum (3), fine filaments emerging in tufts from coats of Bacillus circulans have been reported (1), and a brief study of ultrastructural features of several spore appendage types by the Russian workers (5) has appeared. More recently, Rode, Crawford, and Williams (11) described in considerable detail the ribbon-like appendages of Clostridium sp. Ni (C. taeniosporum nov. sp., V. I. Duda, personal communication) . We have surveyed a number of strains of C. bifermentans, and thus far have detected four distinct appendage types. This report describes two of these, a smooth tubular appendage and a feather-like appendage, and notes the appearance of the two additional types.
MATERIALS AND METHODS
Organisms. The cultures of C. bifermentans used in this study were obtained from the following sources:
Strains 1A-SDH, 2A-SDH, 3A-SDH, 4A-SDH, and 9-SDH were obtained from Mary Jane Ashby, Divi- Spore production. Spores were produced on Brain Heart Infusion (Difco) medium supplemented with 0.5 g per liter of sodium thioglycolate and 2% agar (Difco). Surface-inoculated petri plates were incubated at 30 C in desiccators over wet oats for an anaerobic environment. Sporangia were usually formed within 3 to 4 days and free spores in 5 to 7 days.
Preparation of specimens for electronz microscopy. Carbon replicas of thoroughly washed cells were prepared by conventional means (12) .
Negative stain specimens were prepared with 2% phosphotungstic acid (PTA; pH 6.8), with 2% ammonium molybdate (pH 8.0), and with 0.5 to 1% uranyl acetate (pH 3.5). Specimens were taken directly from growth plates.
For sections, specimens were fixed 1 hr at 4 C in 0.5%7, glutaraldehyde (13) in Kellenberger's Veronalacetate buffer at pH 6.1. After five rinses in buffer, the specimens were subjected to a routine Kellenberger osmium fixation at 4 C for 17 hr (4). In other cases fixation was with 2% potassium permanganate, 30 min at room temperature (9) . After fixation, specimens were dehydrated in graded alcohol series, followed by two changes of acetone. SPORE APPENDAGES OF C. BIFERMENTANS RESULTS Smooth tubular appendages of strain 9-SDH. Typically, the appendages appear flattened in both replica preparations ( Fig. 1-4 ) and in negative stain preparations ( Fig. 5 and 8 ) of free spores. Most commonly, two or three appendages are found at one end of the spore only ( Fig. 1, 2 , and 5), but they are occasionally detected projecting from both ends (Fig. 3) . Visible appendage length in replicas is usually (Fig. 1) , and the width of tubes in the flattened state is approximately 600 A (Fig. 8 , negative stain). The appearance of both replicas and negative stain preparations ( Fig. 1-3 and 5) suggest that appendages originate at the spore body.
The exosporium is prominent and visible at both ends of the spore body ( Fig. 1-3 and 5). Appendages are visible through the thin exosporium in both replicas ( Fig. 2 ) and negative stain preparations (Fig. 5) . The exosporium has an ultrastructure consisting of hexagonal repeating units (Fig. 6 ) and appears similar to those described for B. cereus (2) an "opening" in the exosporium has been visualized (Fig. 9) .
Sections of free spores have been more informative. Appendages in cross section, located between the spore coat and the exosporium, are present in Fig. 10 . These tubes have a diameter of 350 to 400 A, a dimension which agrees well with an appendage width of 600 A in negative stain preparations of flattened appendages (Fig. 8) .
The origin of appendages at the spore coat surface and extending through an opening in the exosporium is shown in Fig. 11 . This exosporium opening is presumed to be identical with the exosporium opening visible in Fig. 9 .
Feather-like appendages of strain IA-SDH. Designation of the spore appendages of this strain as feather-like is based on the superficial appearance of an individual appendage (Fig. 16) .
These feather-like appendages originate at the spore body, most likely in the spore coat, and attachment of bundles of appendages to the spore is through common trunks at the spore ends (Fig. 12) . Frequently, two such attachment trunks are present at a single spore end. Free coats may retain attached appendages (Fig. 13) , and the attachment trunk appears continuous with a prominent band usually seen on the spore surface and present also on the free coat (Fig.  13) . The appendages appear flaccid in replica preparations, and each consists of a central shaft and a surrounding material ( Fig. 12 and  see below) .
A typical spore may have 12 or more appendages attached to each end (Fig. 14) . These project from the spore body and penetrate the enveloping exosporium. The overall length of such a spore cell including appendages may be as great as 14,. Each appendage has a central shaft ( Fig. 15  and 16 ) which is 150 to 225 A in diameter and tapers somewhat toward the tip. Innumerable fine filaments, regularly spaced, radiate outward angularly from the entire shaft surface. These filaments have a beaded appearance (Fig. 16) , are approximately 600 A in length, and are 20 to 30 A in diameter. The overall width of an appendage, central shaft plus surrounding filaments, is 1,100 to 1,200 A (Fig. 16) .
Appendages are closely associated within sporangia as bundles (Fig. 17, 19, and 20) . Presumably each appendage bundle is attached to the spore coat surface (Fig. 22 ) via a common trunk (Fig. 12) , and from this origin passes through a natural opening(s) in the exosporium (Fig. 17 and 22 ) and coils about within the sporangial vegetative cytoplasm often in close association with the vegetative cytoplasmic membrane (Fig. 17-20) .
A cross section of a bundle of appendages within a sporangium (Fig. 21) demonstrates that the appendage shaft is rod-like and possesses internal ultrastructure which may be tubular in nature (Fig. 21) . Satisfactory resolution of the shaft ultrastructural features has not, however, been obtained In sections of sporangia each appendage shaft is surrounded by an electrontransparent zone (Fig. 21 ) which is identical with the appendage filament region seen in negative stains (Fig. 15 and 16) .
Survey of 12 strains. Table 1 summarizes the results of a survey wherein 12 strains of C. bifermentans were examined for the presence of spore appendages through the use of replicas and negative stain preparations. Appendages were not detected on the spores of four strains. One strain possessed the smooth tubular appendages and four strains possessed the featherlike appendages already described ( Fig. 1-22 ).
In addition, one strain (FDA-1) possessed hirsute tubular appendages (Fig. 23) , and two strains (U-11 and U-49) possessed pin-like appendages (Fig. 24) . These latter two appendage types are being studied. DIscussIoN Despite the numerous electron microscope studies of many varieties of Bacillus and Clostridium spores, the existence of spore appendages was apparently not suspected until the recent Russian reports (6-8). It seems likely, therefore, that many spore types may lack appendages. On the other hand, spore appendages are not uncommon, particularly, it now appears, among clostridia (3, 5, 6-8, 11). Since not all clostridial spores possess appendages (this report and unpublished data), it seems that possession of appendages is not an indispensable property of the spores of these anaerobes.
Evidence in this study and elsewhere (11) suggests that spore appendages thus far examined may be mere, albeit elaborate, outgrowths of the outermost spore integument structures, presumably the spore coats. The proteinaceous coats of spores are assumed to be indispensable for the maintenance of spore properties, although no definitive experiments on this point have been performed. Clear evidence may be somewhat difficult to obtain; the dispensability or indispensability of spore appendages, on the other hand, should be readily amenable to investigation. For example, the ribbon-like appendages of C. taeniosporum nov. sp. are readily removed with no apparent effect on spore structural integrity (11).
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The diversity of spore appendage types among clostridia is remarkable (3, 5, (6) (7) (8) 11 ). Perhaps, even more striking is the diversity detected within the single species, C. bifermentans. No less than five distinct spore types, including one type which apparently lacks appendages, have been observed (Table 1 
